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1100-EM-1
RADIOCHEMISTRY STANDARDS AND CONTROLS

This sections contains suppoerting documentation far ragiochemical an%lyses

performed for 1100-EM-1 project, gross beta analysis,

‘s analysis, TTc

analysis (procedure 7-40.39), liquid scintillation analysis, and tritium -
analysis. :

Detector Controls

Beta detector background, control, and efficiency counts
*Sr/Y standards for beta counters #52733-81-1 through 52733-81-4

90Sr/Y standard for beta counter #17

Tritium liquid scintillation counter control, background, and efficiency
counts

Solution standards:

5y standard #52733-117-1 and #52733-117-2
¢ standard #54124-64-0 and #54124-64-17

%Tc standard #52733-80-RS-4 (for LSC data)
%nT¢ standard #54124-62-100

Strontium (stable) carrier solution

R Standard #52733-109-1

*H Standard #52733-109-100

Calibration Curves

Alpha and Beta Disintegrations per Count Determination
SrCG, Calibration Summary

%Tc calibration Information

Performance checks of pipets and balances

support.eml
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Detector Controls
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Beta Detector Background, Control, and Efficiency Counts
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COUNTER CONTROL DATA
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SETTINGS CHECKLIST: Beta #66

{Confirmed correct settings on 1-13-92}

Ortec 459
o Output Voltage 1704, setting at 157
Ortec 571
Amp Gain 1.0
Coarse Gain 100
Shaping Time L
B/R Auto-PZ Adj Switch P2 Adj
Delay Switch down (Out)
Pos - Heg Switch Positive
Palarity Bipolar (This setting is not on the front
of the amp and need not he
checked each week.)
Ortec 776
Window 10.0
Lower Level 1.0
Integral Switch Integral
Ortec 776
Discriminator 4.0
P-10 Gas

Either tank at 0 psi? If so, request P-10 gas change.
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COUNTER CONTROL DATA
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SETTINGS CHECKLIST: Beta #67

{Confirmed correct settings on 1-13-92)

Ortec 459
Output Voltage
Ortec 4908
Coarse Gain
Integral Switch
Fine Gain
Window
Lower Level

Polarity

Ortec 776

Oiscriminator

P-10 Gas

Either tank at 0 psi?

1660, setting 168

32
Integral
3.3

10.0

i.0

Bipolar (This setting is not on the front
of the amp and need nat be
checked each week.)

4.9

1f so, request P-10 gas change.
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COUNTER BACKGROUNDS
Radio-analysis Laboratory
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SETTINGS CHECKLIST: Beta #68

(Confirmed correct settings on 1-20-92)

Ortec 459
Qutput Voltage

Ortec 4908
Coarse Gain
Integral Switch
Fine Gain
Window
Lower Level

Palarity

Ortec 773
Master-Slave Switch
Timer Switch

Qrtec 775
Discriminatar

P-10 Gas

Either tank at Q psi?

1620

32
Integral
3
10.0
1.0
Bipalar (This setting is not on the front

of the amp and need not be
checked each week.)

Master

Min,
~3.75

[f so, request P-10 gas change.
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CERTIFICATE OF =
BETA STANDARD SOLUTION *
Radionuctide: _ 3¢ =90 Haltiite: _28.82 + 044 V¥

Customer: _ﬁmg&r_ﬁaaﬁmsi-TPO No. UQ65TAR-8
Solution No.: 1836-9¢~4~3 Catalog No.: _Z290- ¢

Description of Standard Solution
a. Mass of solution: _ 3~

4

.

b. Chemical form: _Sr C/, ol E By
c. Carrier content: __Noae. /.‘JJ.
d. Solution density: °
Radicimpurities
~May of
e % N

Hadioaclivg ‘Daughters  *~ ) £ £

Radionuclide Concentration _ _
a.The concentration was 20.0% 4 C?/,ﬁL__ﬂj}_.j_A_(;_L_gJ)
b. Reference Date: May 19, (327
Method.of Calibration
Weight aliquots of the solution were assayed using

{ ) Liquid scintiliation counter.
{ ) Internal gas flow proportionai counter.

_ Uncertalnty of Measurement

a. Systematic uncertainty in Instrurnenl calibration: = 2./ %
b. Random uncartainly
1.inassay: = 1.5 %

2.In weighing(s): =+ . @ = %
c. Total Uncertainty: £+ __ 3.2 % at the 99% confidence level.
NBS Traceability -
This. cal:branon s Impiicitly traceable 1o the National Bureau of Standards.
Notes

1. Nuclear data were taken from "“Table of Isotopes”, Seventh Edition, edited by
C. Michael Lederer el al.

2. IPL participates in an NBS measurement assurance program to establish and
maintain implicit traceabiiity for a number of nuclides, based on the bilnd assay

(and later NBS certification) of Standard Referencu Materials. (As In NRC
Regulatory Guide 4.15)

I,_'-,.r,

-

Quality Control

. ISOTOPE PRODUCTS LABORATOQRIES
- 1800 No. Keystone S1., Burbank, Calllornia 91504 5.?, rE\
(818) 843-7000 i \c.%%
b o )
\\\'x,:\\?" o

\Gf?-lf—-) ‘?z
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%Sr/Y Standard for Beta Counter #17
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National Bureaw of Standards

Aertificate
Standard Reference Material 4926-C
Radioactivity Standard

Ty

Hydrogen-3

This Standard Reference Material consists of approximately 18 milhi1iters
of a master salution of tritiated water, 1n a flame-sealed borosilicate-glass
ainpoule,

Aliquots of this master solution and of the 1961 tritiated water standard,

SRM 4926, were made up gravimetrically with liquid scintillator into 18 and

45 vials, respectively, and intercompared by liquid-scintillation counting.

The radioactivity concentration of SAM 4927 (which was the master sclution

for SRM 4926) that had been measured in 1961 (W.B. Mann, R.W. Medlock, O.

Yura, Int. J. appl. Radiat. [sotopes, 15, 351 (1964)), was redetermined by

gas counting in 1978 using the Hational Bureau of Standards length-compensated

_ .Internal gasypropartional counters. Based on these 1978 measurements, the

*... gravimatric dilution factors, and the liquid-scintillation counting Inter-
comparison, the radloactivity concentration of 4926-C, as of September 3, 1978,
. was o

o »3.405 x 10° s7lg7! 4 0.63te,
-~ . -The uncertainty of the radloactivity concentration, 0.63 percent, i{s the
o Vinear sum of 0.18 percenc, which 1s the Hmit of the random error of the
_ gas-counting measurements at the 99-percent confidence leve) (4.032 S_,
whers S, 14 the standard error computed from & determinations), 0.25 per-
cant, uﬂich 15 the estimated upper limit of concaivable systematic error

LSRN (n the gas counting and sample preparation, and 0.2 percent, which is
L the estimatad upper Vimlt of the error in the gravimetric dilutlons and
oo the Hquid-scintillation measurements.

The radiaactivity concentration of 4927 as deteérmined ia 1978 {s 0.7 percent
higher than the results determined in 1961, using a half life of 12.35 years.
. They agree, however, within the estimated overall uncertainties.
This Standard Reference Material was prepared in the Center for Radiation
Research, Huclear Radlation Division, Radioactivity Section, W. B. Mann, Chief.

Washington, 8.C. 20234 J. Paul Cali. Chief
January, 1979 Office of Standard Reference Malerials
i SRM 4926-C

Ve
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KOTES OH [HE nHS STAMOARDS FOR HYOROGEM-3-WATER
SAM-4926, 4926-8, 4926~C and SAM-4927, 4927-8

A recalibration hes bean wade on tha NBS scandard for YH-witsr by nedns of gas

counting, &nd naw bDatches of material have basn prepired. decausa of Che Jirge
ausber af tha escliar standards stil) (n use (1) and because of thair {oportance
1n Incernational hydrology measureusnts {2), 1t 13 important thac the relacive

radlosctivity concentracions of the flve existing N8BS tritiua standards be Ll‘un.
the dfegram snown hars gives the ridiosctivicy concentragions relacive to SKM-3925,
45 af SepS. 3, 1978. [ may ba seea Lhat Che threw low=lavel matarials dra ssien-
clally equivalent.

RELATIVE RADICACTIVITY CONCENTRATIONS OF YH-wATER SRM'S

@ 202.47
,/
loo.u P
”
P
/
”
-
Fd
rd
-
aass _______...__. L°9.°“..____ "°°°

The 11nks represented by 30)1{d llnes ware computad from qravimecric diluclon
factars for which tha uacartaintles arw lasy than 0,15, [ha links representad by
the dashed 11nas are besed on liquid-scintiliscion Incercoapirisens, for which
the wncartalinties are lestl than 0.21.

B43ed on gat-caunting sessurvments of s1x semples of the 1961 SAN—4927 auda In
1978, the fallowing redioaciivity cencantratian velues ary abCained:

SN Magdioagtivity Congencrationiy=tq-!)
- Saptember 1, 1478

§925 1.406 2 107 1 0.4y3
4926-8 3,407 & 104 & 0.4yX
1825-C 3.406 1 10} 5 0.6,
4927 1AM 5 108 50,42
4927-8° 6:909 1 10° = 0.5,2

On the bazis of tha 1961 ?u-cuuntmg nassuremants, the radicactivity concantration
af SRM-4927 wa3 0.8791 5 10¢ 3-bg~* & 1% 45 of Septemuer 3, 196). Tha relative
ageosaant batween Lha {961 4nd 1978 qas-counting smssurements cannot ba astablished
waequivacably, howsvar, Decsuse af the uncartalncy in che half 1ife {(If & hal¢

Vife of 12.35 y |5 uaad, tha 1961 and 1978 standards agren to witnia 0.7%; for
complete agracsant, §t would Os necessdry (o usa & half Life of 12.44 y.)

(1) Mann, W.8., Medtacx, R.M. and Tura, 0. Int. 4. appl. Radlac,

lioctapes, 15,
151 (1964)

(2) Taylor, C.8., Int. J. appl. Radiak. lsotopas, 29, 19 (1978},

B01-04b




Tritium Liquid ScintilTation Counter Centrol,
Background, and Efficiency Counts
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Enclosed is a copy of the recalibration of your SrY-90 standard solution submitted

for recalibration as #W-74.
The ariginal calibration, l.47x]03 D/ni/ml 3-14-80 decay corrected to 10-24-%0 is
1,13

F 4?149X103 D/m/ml. The ratio of the values (recalibration)/(original calibration) is

0.9771, within the error ranges of the two values.

I

Note ' This sid. is Aqmbered SATIZ3-({7-],
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*Tc Standard #54124-64-0 and #54124-64-17
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N i
%s Ba“el Ie Project Number 19432

Pacific Northwest Laboratories Internal Distribution
File/LB
Duste March 4, 1992
To Standards File
Fom  Sandy Fadeff _J.¢. ;‘:;(ﬁ
subject 1¢-99 Standard Preparation for 1100EM]

A ¥Tc standard was obtained by Eric Wyse from NIST. This standard was
originally prepared by NBS and is Tabelled 4288-77 and contains 3.759 x 10*
Bq/g. This standard information was entered into LRB #54526 pg 5 - 7.
Dilution of the standard was made and entered into LRB #53960 pg 28. A copy
of this dilution information was entered into LRB # 54526 pg 10. A sample of
this dilution was provided to the radicanalytical chemistry group and was
called 53960-28.

A copy of the standard certificatte and dilution information was entered
in the radiochemistry standards noteboook LRB #53293 pg 32 as well as into the
328 building radiochemistry standards notebook LRB #54124 pg 64. In keeping
with the usual numbering system of the radionuciide standards for the 329
builidng, the standard, originally given us by Eric Wyse, was given a new
identification: 54124-64-0. This standard was diluted again (1.4553 ml to 25
ml, a 1:17 dilution) and the diluted standard is called 54124-64-17.

tc99.std

E54-1900-001 {10/88)
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%)
National Burean of Standards y/oggz
Uertificate

FAG S A PHCTOCUPY OF TrE CLHIIHICAT: ;
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'.!'P ADLYE e

Standard Reference Material 4288

Radioactivity Standard

Radionuclide
Source identification

Source description

Solution camposition

Mags

Radicactivity concentration
Reference time

Measuring instrument
Randam uncertainty
Systematic uncertainty

- e Total uncertainty
{Randam plus systematic)

Photor—emitting impurities

Balf life

Technetiuwm99
4288~ 77

Liquid in MBS borosilicate—glass

ampoule

59.31 ug of Tc(VII1) as potassium
- pertechnetate per gram oi approx-

imately 0.001 molar KOH L

4. 9/0

3.759 x 104 pg g1

grams

November, 1982
Liquid-scintillation counter (2
0.27 percent 3

1.35 percent (4}

1.62 percent

None cbeerved ()

{2,111 % 0.036) x 10° years (6)

This Standard Reference Material was prepared in the Center for Radiation Research,
Ruclear Radiation Division, Radioactivity Group, Dale D. Boppes, Group Leader.

washington, D.C. 20234
Novemmber, 1982

George A. Uriano, Chief
Office of Standard Reference Materials

*Notes on back
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The KTcO4 was prepared by M.W. Heitzmann of the U.S. Food and Drug Administration
fram NHgTcO4 obtained fram Cak Ridge National Laboratory. The solution density
is 0.998 g an™3 at 21.8°C, and the KTcO4 concentration is 0.00060 molar. The WV
spectrm&?f#this material exhibited only the characteristic doublets at 243 and
287 rm .

Two liquid-scintillation counters were calibrated using the method of J.A.B.
Gibson (B.C:D). Three different radionuclides were used as the standard: 3H,
1dc, apd 60co. The results obtained using the three radionuclides agreed to
within 0.32 percent. The 14C result was used for confiymation only. The
value given here is the unweighted mean of the 34 and 90co results,

Half the 99-percent confidence interval for the average of tge 34 result and
the 60Co result. The standard deviation of the mean of the JH result is 0.15
percent based on 6 degrees of freedam, and the standard deviation of the mean
of the 60Co result is 0.09 percent based on 9 degrees of freedam.

The systematic uncertainty is the average of that for the 3y result, 1,20
percent, and that for the 60Co result, 1.49 percent. These values are linear
sums of estimated upper limits of uncertainties due to the following:

33 — 60p
a} reference material for
standard radionuclide 0.63 0.68
b) source preparation 0.07 0.17
¢) theoretical model 0.30 0.20
4} gamma-ray contribution to
beta-particle detector 0.24
e) quenching 0.10 0.10
f) interpolation fram
calibration curve —0.10 P I
1.20 1.49

The master solution fram which these standards were prepared was examined with
germanium gamma-ray spectrometers and no impurity was found. Limits of detec~
tion as a ratio of gamma-ray-emigsion rate to techpetium99 activity are

1 x10% between 90 and 300 keV
1 x10~7 between 300 and 1900 keV.

NBS-measured half life based on the formula T, = N 1n{2)/A, where N is the
number of atams, computed using an atomic mass’ for technetium-99 of
98.906254 + 0.000002 grams and the gravimetrically determined mass of
technetiumr-99, and A is the activity detemmined by liquid-scintillation
counting. The value recammended by the Oak Ridge Nuclear Data Project is
(2.13 £ 0.05) x 10° years. (E)

# References on last page
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The following individuals and organizations contributed to the characterization
of this Standard Reference Material.

J.A.B. Gibson

Atamic Energy Research Establishment
Envirormental and Medical Sciences Division
Harwell

United Kingdam

M.W. Heitzmann ]

U.8. Food and Drug Administration
Division of Drug Chemistry
washington, D.C.

J.C. Leak

U.5. Food and Drug Administration
Division of Oncology and '

Radiopharmaceutical Drug Froducts
Rockville, MD

For further information please contact Dr. Bert M. Coursey at (301} $21-2383.
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A. Boyd, G.E., 1. Chem. Fd.. 36, 3 (1959).

B. Gale, H.J. and Gibson, J.A.B., Atamic Energy Research Establishment Report
AERE-R5067 (1965), Harwell, United Kingdcm.

C. Gibson, J.A.B. and Marshall, M., Int., J. Appl, Radiat. Isotopes, 23,
321 (1972).

D. Gibson, J.A.B., Computed counting efficiencies as a function of merit
figure for 14 beta~particle-emitting radionuclides (July, 1980). Un—
published data.

E. Kocher, D.C., Radioactive Decay Data Tables DOC/TIC-11026, p. 108 (1981).
Available from NTIS, Springfield, vA.
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TRACEARILITY TO NBS

The radistion measuremant valus veported for this produst is the result of
wessurenens procedurss wvhich are considersd to be "NBS traceable” and which
satisf{y requiremants outlined in Regulatory Cuide &.15, Revision 1, Fsbruary

1979.

Thases clains are supperted by the folloving consfderations:

1) Many direct sctivity seasuremnt intercosparisons have besan made batwean
Amershan and NBS over s pariod of wany ysaras. BSome spacific examples that
1llustrate the magnitude of the work which has occurred are listed balow:

a)

b)

c)

intercomparisons. -

Randosly selectad samples of sach production batch of the QCY.&4, QCY.46,
and QCD.] mized radicnuclide products are weasured by WBS and » Report
of Traceasbility Sssued to Amershas. During the paried 1978 through
1984, 65 separate solution standards and point sources have basn inter~
comparsd in this manner, .

Anersham participates in intercemparison exercises with W3S which involve
single puclides in standardizad sclution form. During the period 1983
through 1984, puclides vhich were intercompared in this manner included
Cs=137/Ba~137m, Sr~8% and Ba=13). In addition, 17 separste nuclides have
been intercompared during the period 1971 through 1982, and repest inter-
comparisons of some of these nuclides st different times bring the tocal
to 24. .

To further -tran;:hcn Amsrshan's direct ltnkl to lli. 1ic 18 lenncd. for. ...~ ‘_i:
. the paried 1585 through 1947, to carry out intsrcomparison axsrcisss . : .T:f'
batwvean NRS and Azershas vhi:h will inzlude tha !cllnvin; radienu:lidcsi I
1) An—!bl alpha referencs sourca <o . . e e,‘{' . ff?“
11} Ni-63 bets solutien : T . T
111;‘. f—;:_h.batl' solution - S ot el s
iv) Cl=- beta .eo0lution ' BTN ) ,-“‘_ st
v) $§r-90 Dbeta solution . f RS BNW ,L ,‘h":
vi) Pe~147 dets  solution 5 2 6 6 ;
wit) Tl-204 beta solution’
viii) Ba-133 gamma point source F9

1x) Am=241 gamma point scurce
x} I-129 bets soluiion

Thess comparisons will be in sddition to the mixzed nuclide standard

e BNw LABORATORY
S NOTESO0K MO, :ommmnm_
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Description v pPriaclp " o e,

Measurament

AcQuracy

Radlanuclidic
Purlty

Chamical
Compos|tion

Physicai
Data

Nukd e

Approved
Slgnatory

pid o et AN - we inlurlon m-horl :
. ' " . e
. N A} .w\\u u-cr-s ~ou’ .-mll mgn ,n}}_)
a ¥R
Refsrence n.m ' ’ 1200 GMT on | .hnulry T "“‘*" ‘ .
. v , o kb H‘ ..
o Mlucflu conconfra!loll ot Technet|um=93: 12,34 llcro:urlu par gram nt_,alutlon W
which |s squivalent toi ! 484 kllobocqucroll por gram’ ol solution

e Re Tk,

Hass of soiutlon) !.022-9 gremy L i _"w”‘,
Total actlvity of technatlum=99: | 631 mlcrocurles ° s
*whlch !s equivalent to: 2,33 negabecquerals e
pathod of measurement ussd (See reverss ot tha certificate): K
o 4400k ¢l
Overall uncertainty in the radloaGtiva concentration quated above: tL0E=) Sb-‘ﬂ.

Randam uncertaintys * 0,43 % Systamatic uncertainty: ¥ 0,77 3
Overasl) uncertalnty Is detined on the reverse ot the certiticate,

The sstimated activities ot any radlioactive impurities sre ||sted beiow swpressed as
percentages ot The activity of Tha priscipal redlonuc|ide o7 the reference time,

Grier radlonuch ides less than 0.01 %

contalnlng 740 micrograms af technefium per mi as ammonlum pertechnatate

Recamnendod halt |lie: 12,13 * 0,05) IG’ years

1005 beta particie snisslon, BNW
524826
0%

-

This product meefs the qusllity sasursnce requirements ot NAC Regulatory Gulde 4.1% tor
achleving Implicht NBS traceadl!!ty as detined In NCAP 38 (13835),

BNW LABORATORY  COPUED FORPML
NOTEBOOK NO.  RECORDS CENTER
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Test Instructions
Tritium Determination in Water Samples
Batch 1

.na'(ﬂ.‘?o :
1. Tritiun standard nusber 52733-109-1 (1.89 x 109) needs to be diluted 100
fold. Using a calibrated pipet, pipet lml of the standard into a clean (well
rinsed with low tritium water} 100ml volumetric flask. Be very careful to
bring t?e meniscus to the mark using the low tritium water as the diluent.
Mix well,

Pipet No. 4 A./ 1 {1000 ul) Date pipetted__y 2 -+/-To
l.o0qs 2. 0016 Gmmee—— I (R-1T74
Calibrated volume _  ~f—6ei§.| L e Y error  covcections From
YA l'fﬁf' LaU
Transfer into a clean, dry glass jar with a screw cap 1id. Label the jar
with the new standard identification {52733-109-100). Also record the new
standard identification and preparation into LRB 52733 (Don Edward's). Bring
the pipet calibration to Sandy or Nancy and we will calculate the activity of
this new tritium standard.

2. Be sure to sign and date the reading assignment form before continuing.

3. When taking aliquots, be sure to use the sample from the unacidified bottie
specifically sent for tritium analysis.

4. Prepare the following samples, blanks and spikes according to the pracedure
PNL-ALO-441. Double distill all except 53289-35-1 A B, and C by repeating
Sec. 5.1 - 5.2,

Sample 10 Type Volume Spike Sel. Spike Vol.
"D 90-5346 Water 50mi -
(21 90-5347 Water 50 -
(90-5347D Water 50m)  (duplicate sample)
(v 90-5352 Water 50ml .-
(5, 90-5353 Water 50m1 -
o BL-5346T Deep well water 50ml -
%) BS-5346T1 Deep well water S50mi #52733-109-100 500u)
BS-534672 Deep well water 50wl #52733-109-100 500ul

53289-31A Water 50m]  £acd it ni sy bl rad deditd Zom! Toule You rawy”
53289-318 Water 50m] ‘
53289-31C Hater 50m}

-

(23539603518 yater  lom N\ Divect pipet duml alyusts +o
'(53280- n ) ol s ol

(11'(53289-35-1C  Water 15m1 | Count. dy not it ?ﬁﬁ

) 19.-9-99

Water Standards and Blanks (See Exhibit 2, page 1 of PNL-AL0O-441):
2 4 m] blanks pipetted from stock of distilled deep well water
2 4 ml aliquots of 53289-35-2 (EMSL-LV background water)
Distilled deep well water with 5Qul spike of #52733-109-1
Distilled deep well water with 100ul spike of #52733-109-1
Use a calibrated pipet for all spike additions,

g
/V/%_(l_“‘?o (- -I;tf{
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! LRB No.: STRJfS
f The following provides svideuce of survaillince dndfor technical reviews of
: this LKY 16 eCcordance milh KG 4.). When complated, Lol Ligel 35 Lo be inserted
i 100 the LRE each sunth.
; L] L] FYTTIYY)
’ SURVEILLANCE REVIEWS
' (mintnly fer lapact Level 1 or Il LRB antries by the Line Manager or delegate,

sl 1T appropriate, by the Project Meneger):

§ 3
Peyss Raviwmed: “_ !
Oete hevlemgg: -5 T

Basts of Revlew: Cneck for leqloility, coupleteness, Cracesbllity of entries,
. 41d 4 Senple of requirasents ()-14) of NG 4.3,
Resulls:

Lo(Ze

Reviemer's Dited Signature: 4 Vel 2 ,/ég'-*-;

.a

TEChICAL REVIEWS

(Montaly reviews for lapact bavel [ or I} LAK sntries and prior to Project
clase Qut by 4 technically cavpelent tadlyidusl}:

1
' Fages Reviemcd:
‘ Uate of Reviem:

Qbjective/Aupruach of Review: To dubermine {check one or mare):
\ —_ sdwqul gl sppropristensss of mythoua)dyy

= ) A inferences and conclusions ere suundly bassd

| 3] U dite reduction and/or calculations are correct
I o 4) ouner [specify):
]

Rerul tasCunclusfons:

favlewer's Dated Signature: “r*/_ﬂ _/L""? _‘r/i/‘? L

' ' . . H

o
l’““"' No Dawe af Wark

Entared By i ——Qals .

] 4 - B

. Disglosnd To @and Undenload By ! ! S ' I ]

: ] ' 1 ) i l i . .
i

| Signad .} ! Date |

: ?'m'

BOL—038




P

o~

o

Wabs 1o babduad' T W It wodid it

EN Phpsitiiend ol Coaninid

T yalicil 1S BOHG MALED 10 YOU UHDER
N e ™ REPARRTE COVIR.

- Was -

National Burean of Btandards

M ertificute
Standard Reference Material 4926-C
Radioactivity Standard

Hydrogen-3

This Standard Refe.ence Material conslsts of approximately 18 milliliters
of a master solution of tritiated water, in a flame-sealed boresilicate-glass
ampoule.

Allquots of this master solution and of the 1961 tritiated water standard,

SRI4 1928, were made up gravimetrically with liquid scintillator into 1B and

45 vials, respectively, and Intercompared by liquid-scintillation counting.
The radioactivity concentration of SRM 4927 {(which was the master solution

for SRM 4926) that had been measured in 1961 {W.B. Mann, R.W. Medlock, 0.
Ture, lat. J, appl. Radiac. tsotopes, 15, 351 {1984}), was redetermined by

gas counting in 1978 using the Hatjonal Bureau of Standards length-compensated

_Jnternal gasypropartional counters. Based on these 1978 measurements, the

gravimetric dilutton factors, and the liquid-scintiliation counting inter-
-comparison, the radioactivity concentration of 4926-C, a3 of September 3, 1978,
"
[1
i *3.40¢ x 107 57197l 4 0.633e,
. i

The uncertainty of the radicactivity concentration, 0.63 percent, is the
Vinear sum of Q.18 percent, which 15 the Yimit of the random error of the
gas-counting measurements a¢ the 99-percent confidence level {4,032 S,
where 5 1s the standard error computed from 6 determinations), 0.25 per-
cant, uﬂlch {s the estimated upper limit of concelvable systematic error
in the gas counting and sample preparation, and 0.2 percent, which is

the estimated upper limlt of the ervor In the gravimetrele of lutions and
the llquid-scintillatliaon measurements,

The radloactivity conceatration af 4927 as determined Iin 1978 {s Q.7 percent
higher than the results determlned (o 1961, using & half tife of 12.358 years.
They agree, however, withia the estimated averall uncertainties.

This Standard Reference Material was prepared in the Center for Radiation
Research, Nuclear Radiation Ofvislon, Radigactivlty Sectian, W, 0. Mann, Chief.

Washington, D.C. 20234 4. Paul Cali, Chief
January, 1979 Office of Standard Reference Materials

SRM 4926-C

B0O2—039



P,

HOTES Ou TIE #BS STANOARDS FOR HYDROGEK-J-WATER
SAM-4926  4926-8, 4926-C ang SRM-4927  4927-8

A recalibracian has been made on tha M85 scandard for ‘-water by means of gas
counting, and new batches of wmatarial hava becn preparsd. ZBecausa of the large
Awster of the earller tcandards still in usa (1] and becduis of their fmportance

In intarnational hydrolagy amssurements {(2), It {3 impartanc that the relative
rad{gactivity concentrations of the five exliCing KBS trivium standards be given.
The dlagram shawn here gives the radicactivity concentrations relative (o SRH~4926,
a1 of Sept. 1, 1978. Lt may be saen that the thres low-level materials are tssen-
tiatly equivalent. .

RELATIVE RADIQACTIVITY CONGENTRATIONS OF JH-WATER SAM'S

@ 202.87
”

The Vinks represented by 1011d lines were computed (rom gravimmtric diiucion
factars for which the uncertainties ara lass then 0.15. The |{nks represented by
the dashed. 11nes are basad an bquld-ssintitlation intercomparisons | for wnich
the uncartainties are legs then 0,23,

Based on gas-counting measurements of six samples of the 1961 SARH-4927 made !n
1378, the fallowing radicaccivity concentratian values are obrained:

SRN Radluactl;&é{sgg;;jgfg%;}onis"g"
4926 1,406 x 108 2 0.4,
4926-8 1,401 1 107 £ Q.41
1926-C 1,406 « 109 : Q.6,1
4927 3,410 x 10% £ 0.4,%
$927-8 6:909 x 10% = 0.6,

On the bagis of tha 1961 ?as-counllnq naasuremants, the radigactivity concentration
of SAH-4927 was 0.8793 x [0% 479~} ¢ IS a3 of Sepiember ), 1961, [he relative
agrecant betweun the 1961 and 1978 ges-counting messurspantcs cannat ba asteblished
vnaquivocably, howsver, Gecause of Chs uncartainty In the half 1ife (If a half

Tife of 12.35 y t3 used. the 1961 and 1978 stancards igree to within 0.7%; for
complace agreement, It would be nacessary ta use « half Jife of 12.44 p.)

(1) Mana, W.8., Medlock, R.W. 4nd Turs, 0. [nc. J. appl. Radiat. lsatapes, 15,
8] (1964) -

(2} Taglor, C.8., Int, J. appl. Rauiat. lsoctopes, 29, 39 (1978},
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Alpha and Beta Disintegrations per Count Determinatien

By §. K. Fadeff and D. L. Fassler McMullin
. August 13, 1991

Introduction

The previously used disintegrations per count (d/c} factor was not
appropriate for the determination of total alpha and beta content prepared
according to PHL-ALO-460 and PNL-ALD-462. The more solids loading on the plate,
the further the d/c value varies from the previocusly used value. The original
d/c value was obtained from plates stippled with known activity by the ACL
Standards Laboratory with essentially zero solids loading. Using this d/c value,
Yow matrix and blank spike recoveries were obtained for total alpha determination
of soils for the 200-8P-1 project. Low matrix spike recoveries were obtained for
total beta determination in soiis. It appeared the solids were masking
significant percentages of the alpha and beta particles. Intuitively this makes
sense for the solids loading contribute to shielding of alpha and, to a lesser
extent, beta particles. It was necessary to define the effect of the shielding
due to solids loading, relalive to the disintegrations per count, thus
establishing a calibration curve.

As an outgrowth of this original study, it became apparent that the sample
geometry (as the sample is loaded and dried on the plate) also differs
significantly from that provided by the ACL Standards Laboratory; this in turn
affects the d/c value. This was concluded because the plates with zero solids
loading consistently showed higher d/c values than the ACL Standards Lab plates.
A separate study of alpha plates spiked with known activity and prepared
according to PNL-ALD-460 was performed and documented under separate cover.

Experimental

Soils previously analyzed for the 200-BP-1 program and found to contain no
detectable amounts of beta or alpha activity, were used as blank soils for this
experiment. The alpha analysis was performed twice on two different soils at
different times. The beta analysis was performed once on one type of soil. The
soil samples were leached according to PNL-ALO-106, Acid Digestion for
Preparation of Samples for Radiochemical Analysis. This entails two digestions

in hot nitric acid and one digestion in hot water. These sclutions were
separated from the soils and combined.

The spiking solution for the alpha S
52733-118-0) for the first experiment and Pu, 534 +/-5 dpm/m] (ID# 52733-144-
1) for the second experiment. The spiking solution for total beta was Oy.sr
1104 +/- 55 dpm/m] (ID# 52733-117-0). A known aliquot of one standard spike
solution was added to a tarred plate and an aliquot of soi! leach solution was
added to this plate. This was repeated such that a range of 0 to 350mg solids
were loaded onto various plates with known spike solutions. Prior to drying, the
plates were moved to promote a swirling/mixing action in order to obtain a
uniform distribution of the radionuclide in solution on the plate. The plates
were dried in the usual manner according to PNL-ALO-460, Source Preparation for
Gross Alpha Analysis and PNL-ALD-462, Source Preparation for Gross Beta Analysis.

This opportunity was taken to determine how much time is required to obtain

t was 239Pu, 538 +/- 5 dpm/ml (1D#
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a stable weight on the dish. Four alpha plates (15, 40, 200, and 300mg loading)
were further dried on the hot plate as per the procedure. They were weighed
immediately after cooling and at succeeding I hour increments for about 4 hours,
then again approximately 17 hours later. Six beta plates (15, 30, 40, 45, 60,
and 200mg leading) were also dried on the hot plate and the same weighing
exercise was performed. The plates were counted after each weight was taken to
determine if count rate discrepancies correlated with any weight shifts. <Care
was taken to be sure the plates were located relative to the detector in the same
position for each count.

Once the proper time interval between drying the alpha plates and
subsequent counting was determined, the plates for the alpha and beta calibration
curve were counted. The plates were counted according to procedures PNL-ALO-461
and PNL-ALQ-463, Alpha Counting and Beta Counting, respectively. For purposes
of determining the calibration curve, the samples were crunted long enaugh to
obtain approximately 10,000 counts, thus reducing statistical counting errors,

Since it became obvious the sample solutions tended to flow up out of the
dish and onto the dish outer edge, another experiment was tried. This enfailed
applying a very thin layer of stopcock grease on the outer dish edge as a
barrier to the agueous mixture. Two blanks, 40, 50, 100, and 200mg solids
loading were run to determine the effect on the alpha curve.

Results and Discussion

After heating the alpha dishes on the hot plates and cooling to room
temperature, it was noticed the weight increases. Appavently, after about one
hour the weight is constant to within about 3% relative through the 21 hours
monitored. The beta plates are not routinely heated on the hoi plate prior to
counting. The plates that were heated as part of this experiment showed the same
trends as the alpha plates. The weight stabilized after about 1 hour
equilibration with the atmosphere varying by about 3%, The count rates on these
plates were also monitored. The count rates showed no variation with respect to
the slight increase in weight during the initial 1 hour equilibration.

After the extended count times to obtain the 10,000 counts, the counts per
minute were calculated along with the total disintegrations per minute added to
the plate. A disintegrations per count (G/C) versus total milligram solids
loading curve could then te established for both the total alpha and total beta
analyses, See figures | and 2. The total alpha data from the two independent
soil leach solutions were combined to define one curve. The results are
indistinguishable on the /¢ curve. It appears the soil source is not a
significant factor in the d/c determination. The curves defined by the data did
not fit a linear relationship but yood fits were obtained by quadratic equations:

D/C alpha = 2.9864 + 0.05917(x mg) + 0.000097(x mg)2
error in terms: 2.9864 +/- 0.2031

0.05917 +/- 0.00485
0.000097 +/-  0.000015

D/C beta = 1.B004 + 0.007202(x mg) - 0.00000718(x mg)?
error in terms: 1.8904 +/- 0.02185

0.007202 +/- 0.000427
0.00000718 +/- 0.0000010148

A summary of the data is included in Tables | and 2.
The alpha d/c increases dramatically with the solids content on the dish.
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The beta d/c also increases significantly but appears to level of f at about 500mg
solids loading. Using stopcock grease on the outer lip edge appears to have no
discernable effect on the d/c calibration curve. It should help with sample

handling practices in that the plate can be handled by the outer edge without
disturbing the sample itself.

Conclusions

In order to perform a total aipha and beta analysis on samples leaving
measurable residues on alpha and/or beta plates, three new steps should be
followed. (1} Stopcock grease should be applied to the outer edge of the dishes
to preclude sample creep up and over the dish edge. (2) The alpha plate shouid
equilibrate with the atmosphere after heating and prior to weighing. (3) A

correction will have to he made utilizing the catibration curve defined in this
paper.

Reference LRB53293, pages 20, 23-27, Pacific Northwest Laboratory

D-C50
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FIGURE 1
D/C curva for total solids loading on atpha piate
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FIGURE 2
D/C Curve For Tolal Sollds Loading On Bata Plate
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Blpha response with varying amounts of solids loading
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Date: pecember 21, 1940
Subject: STRONTIUM-90 CALIBRATION PROCEDURE SUMMARY

By: J. K. Kaye 9 H. 55/?.’/

| have reviewed the Sr-90 calibration data, which is in the enclesed data
package,

Ihe procedure involved the following steps:

1) Addition of $r-85 tracer to an equilibrium mfature of 5r-90/Y-90 and the

amount of Sr carrier needed to yield the desired weight of SrC03 on the
counting dish.

2) Separation of the $r-S0 from the Y-90 by means of two ferric hydroxide

precipitaions, The ¥-90 is carried with the precipitate and the 5r-390 remains
in saiution.

3} Addition of saturated Na2C03 sotution to precipitate SrC03. The

precipitate is centrifuged, transferred to the tared counting dish, dried
under a heat lamp and weighed,

4) The dried sample is counted within one heur alter separation of Y-30, so
that the in-growth of Y-9Q is less than one percent.

1
: ' 5) The sample is laler counted with a Haf{71) detector to determine the
1 recavery of Sr-90, which is on the order of BO percent.

Thres measuraments were made for each nominal weight of SrC03 precipitate
except for the 80 and 80 mg Sr{0J points, where only Lwo measurements were

made. A linear least-squares fitting routine was used to determine ihe best
i fit to the experimental data.

d/c = (1.980 +/- 0.061) + (0.01%51 +/- 0.0015)%({wt Srco3)

Reference - Statistics for Analytical Chemistry, J

. T. Miller and
J. N. Miller,

Halsted Press (John Wily & Sons) 1984, pp 82-93.

For detalle, sea "Sr Calibratien Data Package" folder filed under
53293 ~ 16 in 329 office 8 and LRB 53332, PP 60-66,

gzw H. q fauf7/
Revsonei g 17 T D;/ Eor? -1/:

Project No. Date of Work
Enterad By Date

diuloud To and Understood By i

Signed 1. Dats

Date !
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Pacific Northwest Laboratories Internal Dikribution

File/LB
Dute March 4, 1992

Ta 1100EM1 File
From Sandy Fadeff/u L. /4‘:{//‘ ,;,th_;"‘?,\ ‘V%? - - 12
Subject tium-99 Calibration Curve

Technetium-99 is a relatively soft beta emitter and as such is
relatively easily shielded by salts on a beta plate. (The maximum beta energy
for **Tc is 0.29 MeV, for *ISr it is 0.55 MeV and for %Y it is 2.3 Mev.) In
order to determine the blank spike recovery and matrix spike recovery, and
make a legitimate comparison of sample results hetween the total beta analysis
method and the Tc-99 by the ICP/MS method, a calibration curve needed to be
constructed. This calibration curve corrects the dpm/cpm, or efficiency, for
the various mass loadings on beta plates.

In order to best "re-create" the sampie matrix, a low level beta 1100EM]
sample (BQ1574) was chosen to be the source of the matrix mass.. Various
volumes of this sample were spiked with a constant amount of ““Tc standard in
sufficient quantity to overwhelm the sample beta activity contribution.
Several samples at essentially zero mass lpading were taken along with masses
ranging from 8 mg to 107 mg.

The stock sample did have a small amount of activity. This required a
small correction in calculating the beta activity. The activity due to the
sampie needed to be subtracted to determine the net count rate due to the
spike. An approximation was set up based on the duplicate analytical runs of
the sample in the initial beta analysis. The average gross beta activity of
5.23 pCi/L, calculated with the *°Sr-Y calibration, was used and a net cpm was
back calculated from this value. (The net count rate was not used due to the
significant variation in the plate loading between the duplicate samples; the
calibration used tries to correct for that.) This builds in an uncertainty of
around 10% which is unavoidable without further studies. The Encertainty
stems from three sources. 1) The 5.23 yCi/L was based on the “Sr-Y
calibration, but the samples could be *Tc or some mixture of beta emitters
representing various beta energies. These other beta emitters (especially the

Tc) may vary in counting efficiency more as a function of plate loading,
than is represented in the “°Sr-Y calibration. 2) The d/c factor (2) used in
back calculation is a reasonable approximation for the Sr/Y calibration.
However, the d/c¢ varies from 1.89 to 2.58 with mass loadings ranging from 0 to
107 milligrams. 3) There is also an uncertainty in the sample duplicate
average. The count rate per sampie volume corresponds to about 0.0058 cpm/ml
which was used to make the subsequent sample activity corrections.

Once the estimated sample component of the total activity could be
calculated, it was subtracted from the total activity providing the net spike
activity. The dpm added divided by the net cpm provides an efficiency for
each data peint. This was plotted against the corresponding mass loading on

E34-1900-001 (10/88)



1100EM]1 File
March 4, 1992
Page 2

the plate and a curve fitting pregram was utilized to provide a second order
fit. The resulting efficiency versus milligram laading on the beta plate
curve was calculated and is defined as:

efficiency (d/c) = 2.486 + 0.0566(X) - 0.000123(X)?
where X equals the milligram loading on the dish.

A transcription error was uncovered during the technical review of this
effort. The sample mass entered as 23.1 was actually 23.7 milligrams. The
effect of this on the data was very small and actually improves the agreement
between the calculated and obtained d/c ( 3.76 and 4.21 respectively).
Because the error was so small it was determined any impact on the data would
alsag be Qeg11g1b1e Correcting the d/c equation and subsequently correcting
all the **Tc calculation spreadsheets and associated calculations would have
been a major task with no measurable benefit. Therefore no further
corrections were made. This can be done upon ciient request.

This is an approximate efficiency or calibration curve. A better
calibration curve could be determined using blank groundwater where for which
no sample activity would need to be corrected. This method was used bacause
we had no blank groundwater available nor the knowledge of what salts and
other solids may be present to synthesize our own. This does provide a good
estimate or appr0§1mat1on of the calibration and is accurate to about 10% as
evidenced by the *Tc matrix spike recoveries on 1100EM1 beta analyses.
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1100-EM-1 Total Beta Analysis D/C Calculation of Tc-89
Efficiency (d/c) Based on mg Plate Loading
Tc-99 Standard used: #54124-64-0 and a 1:17 dilution of this standard which is called #54124-64-17.
Equation from curve fit program
dic = 2.4859 + 0.056633X — 0.0001235X*2 where X = mg loading on plate

Errors in terms: a:0.1045  b: 0.006105 €:0.0000645 from dic = a + bx + cx*2
92-02726 cpm from Std Added dfc from
mg loading vol (ml) sample® cpm  (dpm) d/et " above equation delta %***
0 0 0 75.03 184.9 2.46 2.49 99.1
0 o 0 76.86 1849 = 241 2.49 96.8
0.1 0 ] 71.56 184.9 2.58 249 103.7
2.2 0 0 45.4 108.5 2.39 2.61 91.6
23 0 0 43.1 108.5 2.52 2.62 96.2
2.6 0 0 42.3 108.5 2.57 2.63 97.4
8 208 012 61.03 184.9 3.04 2.93 103.6
23.7 59 0.34 44.3 184.9 4.1 3.76 111.9
359 B0 0.46 42.04 1849 4.45 4.36 102.0
438 100.4 0.58 38.7 184.9 4.85 473 102.6
51.4 120 0.70 35.88 184.9 £.26 5.07 103.6
56.8 120 0.70 39.97 184.9 4.7 5.30 88.8
64.8 140.3 0.81 34.16 184.9 5.55 5.64 98.4
83.1 204 1.18 30.56 184.9 6.29 €.34 99.3
107.2 250 1.45 26.89 1684.9 7.27 7.14 101.8

* Assume average efficiency of 2 dpm/cpm. This is not exactly right for each sample due to variation in the milligram
loading on the beta plate, and the beta may not be Si/Y-80, but this is a reasonable approximation.

vol of sample * 5.23pCi/L * 2.22dpmipCi

cpm from sampla:
{1000mliL) * 2dpm/cpm

dpm added
LR ] d]c =
total cpm - cpm from sample
dic
*** della % = ——— - X100

d/c from equation

k-
A7 Jslir
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1100-EM-1 Total Beta Analysis D/C Calculation of Tc-99
Efficiency (d/c) Based on mg Plate Loading

Equation from curve fit program
dfc = 2.4859 + 0.056633X - 0.0001235X*2 where X = mg iloading on plate

Errors in terms: a: 0.1045 b: 0.006105 c:0.0000645 fromd/c=a +bx+cx"2
92-02726 cpm from Std Added d/c trom
mg loading vo!(mil)  sample* cpm  (dpm) dic** above equation delta %***
0 0 0 75.03 184.9 2.46 2.49 99.1
0 0 0 76.86 184.9 2.41 2.49 96.8
0.1 0 0 71.56 184.9 2.58 2.49 103.7
2.2 .0 0 45 4 108.5 2.39 2.61 Nne
2.3 0 0 43.1 108.5 2,52 2.62 96.2
26 0 0 42.3 108.5 2.57 2.63 g7.4
8 20.8 012 61.03 184.9 3.04 293 103.6
23.1 59 0.34 44.3 184.9 4.21 3.73 112.8
359 80 0.46 42.04 184.9 4.45 4.36 102.0
438 100.4 0.58 38.7 184.9 4.85 4.73 102.6
51.4 120 0.70 35.88 184.9 5.26 507 103.6
56.8 120 0.70 39.97 184.9 4.71 5.30 B8.8
64.8 140.3 0.81 34.16 184.9 5.55 5.64 98.4
B3.1 204 1.18 30.56 184.9 €.29 6.34 98.3
107.2 250 1.45 26.89 184.9 7.27 7.14 101.8

“ Assume average efficiency of 2 dpm/cpm. This is not exactly right for each sample due to variation in the milligram
loading on the beta plate, and the beta may not be St/¥-90, but this is a reasonable approximation.

vol of sample * §.23pCilL * 2.22dpm/p©i

cpm from sample:
{(1000mi/L} * 2dpm/cpm

dpm added
“tdle= -
total cpm - cpm from sample
dic
*** delta % = - X 100

d/c from equation 4 Jifiz
o 14



Task to Determine Efficiency of *Tc Beta Counting
Versus mg Plate Loading of Groundwater Samples
Use a low level sample from the 1100-EM-1 sample series (92-02726).

Measure various volumes of this sample so that a range of 0 mg to 100 mg of
solids will result on a beta dish.

Spike each sample with a known dpm ggTc, large enocugh to make any sample
counts become relatively insignificant.

Procede with the beta analysis procedure, PNL-ALD-462 and beta counting
procedure, PNL-ALO-463.

Spike Volumes

Isotope ??7-@__, Pipet No. /&24- /7
Pipet Vol.. 0 749 2 - O o0 - Date - 2 - 7L
Spike ID syl 5- 6 7- 0 Spike Activity 72Y 2.2 3 L o?F2,]
54134~ (40 .
18 ~R 2, Weights
Sample ID Sample Vol. Gross Dish Tare Net Dish
92-02726
280, & f - - Y. o a0
59. Ol 2°3. 7
o0 Y ."'Ci// i’S (?//rrg:
103 iy é?éfjffov:ézj
Ot RS Gobley
sao. it o £
£ 2.0 5/
L 2 ST et L0570 2 e

WA V. E )
Rewered J .1 /13 /4t
Resewred wac, 4.4 }hﬁﬂ 3849
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Procedure PHL-ALO-106 Rev.(,

Date Sample Leach Startei

Tracer or Spike Volumes

Isotope

sl

= ¥

Leaching Data Sheet

leach:

Checl:/i, used

- RO~ G2 Date Completed __ /- 2 /- '92 .

Spike 1D FR73B 4077

Isotope

Pipette No.sp 2 - 18 Volume__ /9 &, 9 )
Upgagpuiie) 532933

Spike |

Sanple Added to:
Pipette No. /o570 s Volume_, 9

.24
Spike Act1v1ty ST O 3;42: /

Sample Added to:

GBS oca72y
Date P1petted (-7 7 G2

+f-.

B Rnzo2ty 70
e >zl Date Pipetted . z20-7 2~

S3—-JL-  Spike f\ctw1ty_7f:2ﬂ%9~¢{m/
1088 stFafy/fa

54 129-69- 17 Skt 102

Sample 10, Aliquat Size, and Leachate Volume
Balance Number 4=/ 20~ P 0/—00¢ Teaperslure (il weighing water sanples] 4 A °

Susple 10 Beahar Wt Bker « Smpl Sample WL of Yol A ‘}'claugﬁbf. m; 35
BL-0d1Y| " ceoml| | I\
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Sample Volumes (if a pipet wﬂ used for snadjaqueuus “.Pu/{
Pipette No. NA Volume N A +f- Na Date Pipetted AR

,74
(2390 4 ] ey 2/u /72
Analyst Date 7 Reviewer “ Date
LECHDATA.LOG
Aerayved <ram Bated /
T Ik s/
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1

SPREADSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY

Date calculated 11-Feb-92
Enter Radiochea Saapie Nuaber (XXXX) 32-82726
Enter Log-In Nuaber (°98-X1X)) 92-82726
Enter Client Sample ID bB1574

Enter File Nase 272418
Initial amount of sample used 95.14 +\-
¥hich units, al, g or sanple? L[8

If Ieached, enter final leach soln voluse (al} L #\-
[§-~Jeached, enter »l of leach soln analyzed I\
Enter total counts observed 1263
Ewber count tiae in ainutes " iedd
Enter backoround {cpal 8.729
Citkulated net cpa 8.5540 +\~
Weight of residue on dish (NOT IN GRAMS) - in NG 19.3 #\-
d/c for detector hased on ag loading 2.1624 1\~
-

§  lure AT

(Entered by) (Date!

Total Beta Activity 5,472 gCi/L

Errar in activity unitst

W !

B.461 pLi/L

Percent Error B.12 %
B
Minisua detectable activity A
signature _o, K. 21292
{Reviened by} (Datei

ALCULATICN OF SANPLE ACTIVITY:

{net cpal{d/c)(pLi/2.22dpa) (sl leachate)

------ -———

linitial sample aaount!{al subsampled)

fote:
the d/c calculation bhased on the ag loading

stal Beta Spreadsheet Revision 3, 4/28/9(
JTBETA

0.2800

B. ddal
d.app!

i.0444
a.1
B.8274

8.885472 pli/al

6.208461 pCi/al

The propagated error includes the error assoriated with

on the plate.

B0O3-020

Zfrmn oo EM]
Batfeh |

5.L72 + 4. 3% = 5.230 T oL

& o

ShPy
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SPREADSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY

Date caiculated {1-Feb-92

Enter Radioches Saaple Nuaber (XXXX) DuP-2724

Enter Log-In Nuaber ('98-XXiX} Dup-2724

Enter Client Sample 1D DUP-2724

Enter File Nase DUP272t

Initial amount of saspie used 93.88 +\- 2.2089
bhich units, al, g or sasple? HL

I+ leached, enter final leach sola volume [(n]) 1 +\- a.g0i
if leached, enter al af leach soln analyzed I +\- .88l
~Enter total counts observed 1153

Enter count time in minutes 1008

-Enter backyround (cps) 2.7

Calculated net cpa B. 4430 #\-  R.2431L
‘Weight of residue on dish (NOT IN BRANS) - in MG 33 - 0.1
d/c for detector based on ag loading 2.2519 +\- B.8314

{Entered by)

']qtal Beta Activity 4.797 pCi/L = 8.BB4787 pli/el
_Error in activity unitst B.471 pCi/L = B.0a0471 pCi/ul
ggrcent Error 9.84 1
~Rinisua detectabie activity NA
sigatwrs £ Soclsgr 3/ fiz ..
" {Reviewed by) {Date}

CALCULATIDN OF SAMPLE ACTIVITY:

(net cpm) {d/c) (pRi/2.22dpm) (al Leachate)

{initial sample saount)(al subsampled)

thote: The propagated error includes the error associated mith
the d/c calculation based on the ag loading on the plate,

1. -« Beta Spreadsheet Revision 3, &/28/91

TOTBETA B0O3—0<0b

sz’ﬂ?r\ oo M|
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Path: A: ¢ Fo gty weris plate (oo

File: D_CEM1 .PRN 374 .a.. 2-12~92 3:03:58 pm Page 1

0 2.46

0 2.41

0.1 2.58
2.2 2.39
2.3 2.52
2.6 2.57

8 3.04
23.1 4.21
35.9 4.45
43.8 4.85
51.4 5.26
56.8 4.71
64.8 5.55
83.1 6.29
107.2 7.27

J. £ Fatsg  2/13/%
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SPREROSHEET FOR CALCULATION OF TOTAL BETA ACTIVITY DUE TO TECHNETIUM

Signature _d - K. Tockgs 2/, 18 /3%

{Reviewed by) (Date)

CALCULATION OF SAMPLE ACTIVITY:

(net cpa) (d/c) [pCi/2.22dos) (a] leachate)

linitial sample amaunt)(al subsaspled]

tauce:  The propagated error includes the error associated with
the d/c calculation based on the mg loading on the plate.

Total Betas Soreadsheet Revision 3. 4/78/91
TOVBETA

Date calculated 18-Feb-92
Enter Radioches Sasole Nusber (XXXY) duplicate 92-8272b
Enter Loo-In Nuaber (98-XXXX) DuP-2728
Enter Client Sample ID BUP-2726
Enter File Niae 272607C
-dmitial aaount of samole used 93.B8 +\- 3.8280
Which units, si, g or sample? sl
“#§ Jeathed, enter final leach soln volume (sl) 1 #\- g.bedl
I+ lepached. enter al of leach soln analyzed 1 #- B.pddl
BAter total counts observed 1152
_Epter count tise in ainutes 1998
Enter background {coa) i.789
Aalculated net coa 04430 - 28431
Waight of residue on dish INDT IN BRAMS} - in MG 53 +\- .1
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(initial samele amaunt) sl subsasoled)
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